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of New York

Filed Sept. 20, 1962, Ser. No, 225,163
4 Claims. (ClL. 88—14)

The present invention relates to methods of and ap-
paratus for locating a fabricating tool relative to a pre-
determined point, and more particularly to such methods
and apparatus employing an optical system to locate a
chuck over a predetermined point on a workpiece or
over the center of an aperture in a drill jig.

In many, perhaps most fabricating operations, it be-
comes necessary to locate a fabricating tool relative to
a predetermined point on a workpiece or jig. For exam-
ple, in the drilling of holes at precise locations in various
types of workpieces, it is necessary that a drill spindle,
be accurately positioned over a bushing or aperture in
a drill jig or over a predetermined point on the work-
piece itself. In the past, visual alignment, among other
methods, has been employed and has not proved satis-
factory. Complex spindle aligning apparatus has also been
employed, but rendered the drilling operations expensive
and time-consuming. In order to eliminate these difficul-
ties, it is necessary that a simple method be provided for
accurately locating a fabricating tool over a point on
a workpiece or over the center of an aperture or bushing
in a drill jig, and that a simple, inexpensive apparatus be
provided for practicing the method.

It is an object of the present invention to provide new
and improved methods of and apparatus for locating a
fabricating tool relative to a predetermined point.

It is another object of the present invention to provide
methods of and facilities for locating a chuck over the
center of an aperture by reflecting a point of light from
a spherical surface having a known relationship to the
center of the aperture.

With these and other objects in view, the present in-
veption contemplates a method of locating a chuck, for
example a drill spindle, relative to a predetermined point
on a reflective spherical surface. A point of light that
is movable with the chuck is directed along the axis of
the chuck to impinge as a point on the spherical surface.
The position of the chuck is then adjusted until the re-
flection of the point of light is symmetrical with respect
to the predetermined point on the spherical surface,
thereby bringing the chuck and the predetermined point
into alignment. The predetermined point on the spherical
surface may be placed in alignment with a point on a
workpiece or a point such as an aperture in a drill jig.
Alignment of the chuck and the predetermined point
then results in alignment of the chuck with the point on
the workpiece or jig.

-Additionally, with the foregoing objects in view, the
present invention contemplates apparatus for directing
a point of light along the axis of a chuck, such as a drill
spindle, onto a predetermined point of a spherical re-
flective surface to align the axis of the chuck with the
predetermined point. The apparatus may include, for ex-
ample, a point source of light or an optical system includ-
ing a source of light and a system of mirrors and lenses
employed to project a point of light coincident with the
axis of the chuck. The spherical surface may be in the
form of a sphere, a hemisphere, or a part of a self-cen-
tering member, among other forms. Provisions may be
made for securing the point source of light to the chuck
and for moving the chuck relative to the spherical surface.
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Also, facilities may be provided which are responsive
to the point of light being reflected symmetrically with
respect to the predetermined point for indicating that the
axis of the chuck and the predetermined point are in
alignment.

Other objects and advantages of the present invention
will be apparent from the following detailed description
when considered in conjunction with the accompanying
drawings wherein:

FIG. 1 illustrates an optical system constructed in ac-
cordance with the principles of the present invention em-
ployed with a standard drilling machine for centering a
drill spindle over an aperture in a drill jig;

FIG. 2 is an enlarged fragmentary sectional view of
the optical system illustrated in FIG. 1 showing an ar-
rangement of mirrors and lenses for projecting a beam
of light converged to a point onto a self-centering mem-
ber having an upper spherical surface received in an
aperture of a drill jig; .

FIG. 3 illustrates an alternative embodiment of the
self-centering member having a tapered section received
in the aperture in the drill jig and having an upper
spherical surface;

FIG. 4 is a detailed view of a spherical surface indi-
cating the reflection pattern of a point of light reflected
from the uppermost point on the spherical surface;

FIG. 5 is a view of a spherical surface indicating the
pattern of light diffusion when a point of light is re-
flected from a point spaced from the uppermost point
on the spherical surface;

FIG. 6 is a view of a reticle of the optical system taken
along line 6—6 of FIG. 2 showing an image of a point
of light reflected from the uppermost point on a spheri-
cal surface as shown in FIG. 4; and

FIG. 7 is a view of the reticle shown. in FIG. 6 illus-.
trating the appearance of diffused light resulting when
a point of light is reflected from a point slightly displaced
from the uppermost point on a spherical surface.

Referring first to FIG. 1, there is shown a standard
drill press 10 which includes a base 11 and a shaft 12
extending vertically upward from the base. Rotatably

‘mounted about the shaft is a support block 13 through

which extends a horizontally disposed arm 14. The arm
14 has a rack 15 on its lower surface and a housing 16
supported on one extremity. The housing 16 contains a

. motor (not shown) which rotatably drives a chuck or
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drill spindle 17. The spindle 17 is positioned within a
sleeve 18 and has a toothed surface 19 which engages a
gear (not shown) mounted in the housing 16 for moving
the spindle upward and downward upon rotation of a

. spoked handle 22. The housing 16 and spindle 17 are
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horizontally movable to the left or right upon rotation
of a spoked handle 23 which rotates a gear (not shown)
that engages the rack 15. The housing 16 and the spindle
17, as supported by support block 13, are movable in a
circumferential path about the vertical shaft 12.
Referring now to FIG. 2, there is shown the optical
system 24 including a casing generally designated as 25
from which extends a tapered shank 26 which is secured
in a tapered slot 27 within the spindle 17. The optical
system may be used with any of a number of machines
that advance a fabricating tool along a predetermined
path such as lathes and boring machines. A light source
28 is positioned in a horizontally-disposed projection 29
of the casing 25. Light emanating from the source 28 is
reflected by a mirror 32 positioned at a 45° angle with
Tespect to the horizontal to direct the light vertically down-
ward. The light reflected from the mirror 32 passes
through a semi-transparent or half mirror 33 which is
also positioned at a 45° angle to the horizontal and at
a 90° angle with respect to the mirror 32 into a vertical
extension 34 of the casing 25. A converging lens 35 is
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supported in a sleeve 36 which is slidably mounted in
the vertical extension 34.

The optical system 24 is so constructed that the ver-
tical axes of the vertical extension 34 and the lens 35
are in alignment with the vertical axis of the drill spindle
17 when the tapered shank 26 is inserted in the spindle.
The light rays passing through the vertical extension 34
of the casing 25 are projected from the optical system
24 through the converging lens 35. The light emerging
from the lens 35 is focused to a point by adjusting the
sleeve 36 or moving the optical system 24 upward or
downward together with the drill spindle 17. Other op-
tical systems capable of being moved together with a
chuck of a fabricating machine and projecting a point
of light in alignment with the axis of the chuck may
be readily employed.

Rays of light reflected from an object positioned at the
focal point of lens 35 and directed toward the vertical
extension 34 of the casing 25 will pass into the vertical
extension of the casing and be refracted info parallel rays
by the lens. The rays are then reflected by the underside
of the semi-transparent mirror 33 through a second con-
verging lens 37 positioned in a horizontally-disposed pro-
jection 38 of the casing 25. In the embodiment shown in
FIGS. 2, 6, and 7, a reticle 39 is mounted in a collar
42 which is adjustably positioned in the horizontally-
disposed projection 38 and is spaced from the lens 37
so as to be illuminated by light passing through this lens.
In this instance, the reticle 39 is positioned at the focal
point of lens 37 so that a point of light positioned at
the focal point of lens 35 will appear as a point or
bright spot on the reticle; however, the reticle may be
positioned on either side of the focal point of lens 37
depending upon the diameter of the bright spot desired.
Furthermore, the reticle may be replaced by other types
of apparatus for sensing the presence of light, such as
photocell and an indicating or recording device.

In one embodiment depicted in FIG. 2, a self-center-
ing member 43 is fabricated in the form of a polished
spherical ball 44 which is positioned in an aperture 45
in a surface of a drill bushing 46 located in a drill jig
47. Because of its geometrical shape, the ball 44 cen-
ters itself in the aperture 45 with its center in vertical
alignment with the axis of the aperture. In FIG. 3, there
is shown an alternative embodiment of the self-centering
member 43 including a conical member 48 having an
upper convex spherical surface 49. The conical member
48 also centers itself in the aperture 45 due to the conical
configuration. The spherical surface 49 is positioned on
top-of the conical member 48 such that the uppermost

. point 52 on the sphérical surface is in alignment with the
vertex of the cone and the axis of the aperture 45.

Numerous other geometrical configurations having an
upper spherical surface may be used so long as the upper-
most point on the spherical surface is in alignment with
the direction desired to be followed by the fabricating
tool. :

Referring now to FIGS. 1 and 2, the method of cen-
teting the drill spindle 17 over the aperture 45 is as
follows: )

The shank 26 of the optical system 24 is inserted into
the tapered slot 27 in the drill spindle 17. The drill jig
47 is clamped over a workpiece 53 by clamping mem-
bers 54. One of the self-centering members 43 having
an upper spherical surface, for example the precision ball
44, -is positioned in the -aperture 45 in the drill jig 47
as shown in FIG. 2. Light source 28 is energized and
light-is then projected through the optical system 24 to-
ward the spherical ball 44. The drill spindle 17 js then
moved horizontally, vertically, and rotatably with re-
spect to the shaft 12 until the projected light impinges
upon the spherical ball 44, The spindle 17 is then further
moved and the sleeve 36 is adjusted to focus the light
passing through-lens 35 to a point coinciding with the
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uppermost point of the spherical ball 44. Such a point ap-
pears as a bright spot 64 (see FIG. 6) on the reticle 39
to indicate a centered condition.

Referring now to FIG. 4, there is shown a spherical
surface 55 with a point of light being reflected from the
uppermost point 56 on the surface. It is noted that the -
impinging light rays 57 in this instance are. reflected off
the spherical surface 55 symmetrically with respect t0.
the uppermost point 56. This pattern of light reflection is
achieved when the axis of the drill spindle 17 is in align-
ment with the axis of the aperture 45 and appears, as
viewed in FIG. 6, as a bright spot 64 on- the Teticle 39.

In FIG. 5, light rays 58 are shown impinged upon a
point of the spherical surface 55 that is laterally spaced
from the uppermost point 56 of the surface. Reflected
rays of light 59 are diffused and do not appear as an
image on the reticle 39 since the light reflected from the
surface 55 is directed away from the optical system 24.
The reticle 39 in FIG. 7 illustrates a diffused pattern of
reflected light 62 that appears on the article when the .
light rays impinge upon a point on the spherical surface
55 slightly displaced from the uppermost point. 56.

It is to be understood that the above-described methods
and arrangements of the apparatus and construction of
elemental parts are simply illustrative of an application
of the principles of the invention and many other modi-.
fications may be made without departing from the in-
vention.

What is claimed is:

1. A method of locating the axis of a chuck in align-
ment with the center of a circular bore extending parallel
to said chuck axis in a workpiece, comprising the steps

“of: -

positioning a polished metal sphere having a reflective
surface in the bore, said sphere having a diameter -
greater than the -diameter of the bore, ‘
mounting a source of light in the chuck," :
directing a beam of light from the source along the
axis of the chuck onto the spherical surface,
focusing the beam of light for point reflection from
the surface, o ) )

converging and focusing the reflected light onto a

ground glass screen, and then, }

moving the chuck in a direction perpendicular to the

axis of the bore until the directed and focused light
from the source is symmetrically reflected from the -
sphere and a bright symmetrical spot appears on the
ground glass screen. )

2. A method of locating the axis of a chuck of a fa-
bricating tool over the center of a circular bore extending
parallel to said chuck axis into a workpiece spaced from
the chuck, ‘comprising the steps of:

positioning a sphere having a highly reflective surface

in said bore, said ‘sphere having a diameter greater
than the diameter of said bore,

mounting a source of light to said chuck,

projecting light from said source along the axis

chuck, .
converging and focusing said projected light onto said
reflecting surface of said sphere,

converging and focusing light reflected from said-

sphere onfo a ground glass screen, and then

moving said chuck in a direction perpendicular to the

axis of said bore until said projected, focused light
is' symmetrically reflected from- said sphere and a
bright symmetrical light spot :appears on said ground
glass screen. ]

3. In an apparatus for aligning the vertical axis of a
movable chuck and the vertical axis of a circular bore
extending into a workpiece spaced from the chuck

a reflective sphere positioned in said bore, said sphere

having a diameter greater than the diameter of said
bore, '

of said
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a housing mounted to said chuck, said housing having
an elongated tubular extension in coaxial alignment
with said chuck,

a source of light mounted in said housing,

means for projecting light from said light source in a
first direction along the axis of said tubular extension,

a semi-transparent mirror mounted in said housing and
inclined {o the axis of said extension for transmit-
ting said projected light along said first direction, said
mirror being inclined to reflect light in a second di-
rection when light impinges thereupon from a third
direction which is opposite to said first direction,

a first converging lens coaxially mounted in said ex-
tension for focusing light transmitted by said semi-
transparent mirror 1o a first light spot on said sphere,
said first lens converging light received from said
third direction to project said received light along
said third direction onto said semi-transparent mir-
ror for reflection therefrom,

a second converging lens mounted in said housing for
receiving light reflected by said semi-transparent
mirror along said second direction to focus said re-
flected light to a second light spot, the axis of said
second lens crossing the axis of said first lens at the
surface of said semi-transparent mirror,

a ground glass screen mounted in said housing fo re-
ceive said focused light from said second lens,
said reflective sphere positioned in said bore for re-
flecting along said third direction focused light re-

ceived from said first lens, and

means for moving said chuck perpendicularly to said
bore axis until a bright, symmetrical light spot im-
pinges on said screen.

4. In an apparatus for aligning the parallel axes of a

movable chuck spindle and a circular bore extending into
a workpiece spaced from said spindle,

a sphere positioned in said bore, said sphere having a
reflective surface :and a diameter greater than the
diameter of said bore,

a housing fixed to said spindle, said housing having a
first elongated tubular extension in coaxial align-
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ment with said spindle, and a second tubular ex-
tension extending from said housing at a right angle
to said first tubular extension,

a first converging lens coaxially mounted in said first
extension for focusing light received thereat to a
first light spot on the surface of said sphere, said
first lens converging and projecting light reflected
back to said first lens from said sphere,

a second converging lens mounted in said second ex-
tension,

a ground glass screen mounted in said second tubular
extension at the focal point of said second lens,

a source of light positioned in said housing,

means for projecting light from said source along the
axis of said first extension,

a semi-transparent mirror mounted at a 45° angle
in said extension and at the intersection of the op-
tical axes of said first and second lenses, for trans-
mitting light projected from said source to said first
Iens and for reflecting to said second lens light re-
ceived from said first lens, and

means for moving said spindle perpendicularly to said
bore axis until @ symmetrical second light spot is
produced on said screen to indicate coincidence of
the uppermost point of said sphere and said first
light spot.
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